is a patented blend of the standardized extracts of Garcinia cambogia, Camellia sinensis, unroasted Coffea arabica, and Lagerstroemia speciosa. These individual ingredients of IQP-GC-101 have each shown promise in promoting weight loss; however, the efficacy of the blend has not been established. This randomized, placebo-controlled, double-blind, parallel group study conducted over 14 weeks (including a 2-week run-in phase) aimed to investigate the efficacy and safety of IQP-GC-101 in reducing body weight and body fat mass in overweight Caucasian adults. Subjects took three IQP-GC-101 or placebo tablets, twice a day, 30 min before main meals. All subjects also adhered to a 500 kcal/day energy deficit diet with 30% of energy from fat. Ninety-one overweight and mildly obese subjects (46 in the IQP-GC-101 group, 45 in the placebo group) completed the study. After 12-week intervention, IQP-GC-101 resulted in a mean (±SD) weight loss of 2.26 ± 2.37 kg compared with 0.56 ± 2.34 kg for placebo (p U = 0.002). There was also significantly more reduction in body fat mass, waist circumference, and hip circumference in the IQP-GC-101 group. No serious adverse events were reported. The use of IQP-GC-101 has been shown to result in body weight and body fat reduction in the current study, with good tolerability.
INTRODUCTION
Being obese or overweight can lead to a multitude of health problems. Research shows that the risk of coronary artery disease increases by 3.6 times with each unit of body mass index (BMI, measured in kg/m 2 ), 85% of hypertension is associated with BMIs of more than 25 kg/m 2 , and 90% of patients suffering from type 2 diabetes have a BMI of more than 23 kg/m 2 (Kopelman, 2007) . It has been estimated that a weight loss of 5 kg over time could account for a 55% reduction in the risk of diabetes among obese, prediabetes individuals (over a mean of 3.2 years follow-up) (Hamman et al., 2006) . Weight reduction has also been associated with a markedly reduced risk of cardiovascular diseases (Fayh et al., 2013) .
Managing obesity requires a two-pronged reducing energy intake as well as increasing energy expenditure. Current available drug treatments for obesity, for example, appetite suppressant (e.g., phentermine and toperamide) or lipase inhibitor (orlistat), focus primarily on reducing caloric intake, while IQP-GC-101, investigated in this study, offers the possibility of increasing thermogenesis and metabolism in supporting weight loss.
IQP-GC-101, a patented herbal blend that contains the standardized extracts of Garcinia cambogia (Malabar tamarind), Camellia sinensis (green tea), unroasted Coffea arabica (green coffee), and Lagerstroemia speciosa (banaba) in a specific ratio, is hypothesized to reduce body weight by inhibition of de novo fatty acid synthesis (Heymsfield et al., 1998) and stimulation of metabolic rate and thermogenesis (Dulloo et al., 1999; Acheson et al., 1980; Satomi et al., 2006) . All four active ingredients of IQP-GC-101 are common herbs that have been used for generations as food in different parts of the world and have shown potential individually as weight loss supplements.
Garcinia cambogia is cultivated in Southeast Asia, India, and west and central Africa and is used extensively for culinary purposes in Asian countries (Jayaprakasha and Sakariah, 1998) . G. cambogia is also included in the US Department of Agriculture inventory of perennial edible fruits of the tropics (Martin et al., 1987) . The extract of G. cambogia has been widely marketed as a weight loss supplement worldwide. Its weight loss effect has mainly been attributed to its high (À)-hydroxycitric acid (HCA) content. Several mechanisms of action have been linked to the weight loss effect of HCA through prior animal studies, including (1) inhibition of lipogenesis through adenosine triphosphate citrate lyase inhibition, which prevents the conversion of carbohydrate to fat (Sullivan et al., 1977) ; (2) suppression of appetite through increasing glycogen storage thus stimulating the glucoreceptors in the liver and inducing satiety via vagus nerve (Sullivan et al., 1974) ; (3) reduction of the hunger feeling by increasing the level of serotonin (Ohia et al., 2002) ; and (4) improved glucose metabolism through regulation of leptin and insulin plasma level (Hayamizu et al., 2003) . A recent review of animal and human studies established the safety profile of HCA (Chuah et al., 2012) . However, the weight loss efficacy of HCA in human study has shown equivocal findings with studies reporting both negative (Heymsfield et al., 1998) and positive results (Mattes and Bormann, 2000) . According to a meta-analysis by Onakpoya et al. (2011a) , although supplementation of HCA results in a small statistically significant weight loss effect over placebo, the clinical relevance is still uncertain. Trials with adequate sample size and duration are still needed to confirm HCA's weight loss efficacy.
Camellia sinensis is the source of different types of tea, one of the most widely consumed drinks in the world (Hursel et al., 2009) . Extract of green tea made from the fresh leaves of C. sinensis, containing a mixture of catechin polyphenol and caffeine (epigallocatechin gallate [EGCG]-caffeine), has been suggested to possess anti-obesity effect, mainly through the promotion of fat oxidation and thermogenesis (Dulloo et al., 1999) . A meta-analysis by Hursel et al. (2009) concludes that there is a positive but small effect of EGCG-caffeine mixture on weight loss and weight maintenance. Whether green tea extract may have potential synergistic effect with the other active ingredients in IQP-GC-101 on body weight regulation remains an interesting question to be addressed.
Green coffee extract has also been associated with weight loss. In an animal study, two major constituents of green coffee extract, that is, caffeine and chlorogenic acid have been shown to play a role in suppressing fat absorption and enhancing fat metabolism in the liver, respectively (Shimoda et al., 2006) . Despite the positive results in animals, validity of human studies conducted to access the efficacy of green coffee extract on weight loss is still questionable. In a recent systematic review, clinical trials that reported the weight loss effect of green coffee extract have been found to be associated with high risk of bias due to the small sample size and short study duration among other study short falls (Onakpoya et al., 2011b) .
Lagerstroemia speciosa is a tropical plant found in Southeast Asia. Its leaves are used in the Philippines as a traditional treatment for diabetes and kidney disease (Klein et al., 2007) . It has been studied in animals for hypoglycemic and adipocyte-differentiation inhibition activities (Liu et al., 2001; Deocaris et al., 2005) .
Notably, a previous clinical study has evaluated the effectiveness and safety of a tablet product containing these four herbal extracts. The blood glucose level was reduced significantly after consumption of the tablet containing the herbal composition in comparison to the placebo. The study, however, did not report any weight loss effect of this combination (Stobs et al., 2012) . A pilot study (unpublished) was conducted previously on the effects of the present combination on body weight loss. In this study, conducted on Asian subjects, the herbal combination has shown promising results in weight loss compared with HCA alone, or a placebo. As there are differences in metabolic characteristics between different ethnic groups (Razak et al., 2005) , the outcomes of this pilot study may not be applicable to the European population. The objective of this study was to investigate the effects of IQP-GC-101 on body weight and body fat reduction in overweight Caucasians.
METHODS
Subject recruitment. The study took place in two centers in Berlin, Germany, from July 2011 to December 2011, and was approved by the ethics committee of the Charité Universitatsmedizin prior to initiation. Newspaper advertisement was used for subject recruitment. All subjects provided written informed consent before screening procedures were performed.
Subjects were between 18 and 60 years, and had to fulfill the following inclusion criteria: (1) body mass index (BMI) between 25 and 32 kg/m 2 ; (2) stable body weight for the past 3 months before study enrollment; (3) be accustomed to 3 meals a day; (4) be committed to adhere to the diet plan; (5) agree to not use other weight loss products during the study period; and (6) agree to use appropriate contraceptive plans (for females of childbearing potential).
The exclusion criteria for the study included: (1) known hypersensitivity to any of the ingredients of the investigational product; (2) afflicted with or had a history of systemic or gastrointestinal diseases that may confound the outcomes of the study; (3) pregnant or nursing; (4) history of eating disorder; (5) history of bariatric surgery; (6) use of other weight loss products within 6 weeks before enrollment; (7) change in dosage of estrogen, oral contraceptives, and thyroid hormone within the last 3 months prior to enrollment; (8) concurrent use of medication that might affect body weight for example systemic corticosteroids and antidepressants; (9) smoking cessation within 6 months prior to the start of the study; (10) participated in other clinical trials within 4 weeks prior to enrollment; and (11) inability to comply to study procedures.
Study design. A randomized, placebo-controlled, doubleblind, parallel group study was conducted over 14 weeks, including a 2-week run-in phase. After fulfilling all inclusion/exclusion criteria, subjects entered the run-in phase, during which their adherence to the diet plan assigned and investigational product intake (placebo) were assessed.
Compliant subjects were then randomized to either IQP-GC-101 or a matching placebo. Follow-up visits were conducted at weeks 4, 8, and 12 following randomization.
This clinical investigation was performed according to the principles of the World Medical Association (Declaration of Helsinki), the European Union recommendations for Good Clinical Practice (CPMP/ICH/ 135/95), ICH E6 (R1), and ICH E3, as well as the German GCP-V (2004 GCP-V ( , revised 2006 . The study was registered on clinicaltrials.gov (ID: NCT01423617).
Interventions. All subjects received diet counseling and a diet plan that provided them with a 500 kcal deficit diet (calculated on the basis of each individual's body weight, height, age, gender, and activity level). The diet plans were compiled by a dietician and ensured a balanced diet providing 30% of the ingested energy as fat. In total, plans for five levels of energy were available: 1500, 1800, 2000, 2200, and 2500 kcal per day. A food diary was maintained by all subjects in order for diet compliance to be monitored.
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Each tablet of IQP-GC-101 (supplied by InQpharm Europe Ltd.) contained 850 mg of standardized extracts in a specific ratio: G. cambogia extract (650 mg) -standardized to at least 60% HCA, C. sinensis extract (100 mg) -at least 15% epigallocatechin-3-gallate and 11% caffeine, unroasted C. arabica extract (75 mg) -at least 25% chlorogenic acid and 5% caffeine, and L. speciosa extract (25 mg) -at least 5% corosolic acid. The placebo was identical in appearance to the intervention, and the active ingredients were substituted with microcrystalline cellulose and dicalcium phosphate. Subjects were instructed to take three tablets of IQP-GC-101 or placebo, twice a day, 30 min before breakfast and lunch. Subjects in the IQC-GC-101 group consumed a total of 5.10 g of standardized extracts daily.
Randomization. Randomization was generated using permuted blocks of four, and the randomization codes were kept by an independent biostatistics department. The investigator received sealed envelopes containing allocation information to either the intervention or placebo for each randomized subject. As this study was performed in a double-blind method, neither the investigator nor the subject was aware of the treatment allocation. In cases of emergency (i.e., serious adverse event), the investigator was allowed to open the envelope, which contained subjects' allocation information.
Outcome measurements. Differences between IQP-GC-101 and placebo in mean loss of body weight (kg) and body fat mass (kg) after 12 weeks of intervention were the primary outcomes of this study. Secondary outcomes included change in fat free mass (kg), waist circumference (cm), and hip circumference (cm). These parameters were measured at baseline, weeks 4, 8, and 12.
Body weight was measured in kilogram using calibrated Tanita BC-420 SMA scales. The same scales were used to measure body fat mass and fat free mass (in kg) using bioelectrical impedance analysis. Height (cm) was measured using a wall-mounted stadiometer (KaWe Person-check).
Waist circumference (cm) was measured at the level midway between the lateral lower rib margin and the iliac crest. Hip circumference (cm) was measured as the maximal circumference over the buttocks.
The Control of Eating Questionnaire (COEQ) (Greenway et al., 2010) was completed at baseline, weeks 4, 8, and 12. The COEQ contains 21 items (20 of which are presented as visual analog scales) and measures hunger, fullness, the desire to eat different types of food, food cravings, and mood and alertness. The visual analog scale responses were measured in millimeters (mm) on a 100-mm scale.
Fasting venous blood samples were obtained at the screening and the final visits. Parameters assessed were full blood count, electrolyte levels, liver function, renal function, lipid metabolism, and carbohydrate metabolism. Analysis was conducted in a central laboratory.
Sample size and statistical analysis. Assuming a dropout rate of 10%, a sample size of 46 subjects per arm was calculated to provide a 4.75% (two-sided) significance level, with 80% power. Statistical analysis was performed with IBM © SPSS © Statistics, Version 19 (IBM Corp, Armonk, NY, USA). There were two primary endpoints in this study: 1. change in body weight and 2. change in body fat between baseline and week 12 of treatment. The testing of the primary endpoints data was performed with the non-parametric Mann-Whitney U test by analyzing the rank sums (p U ) and covariance analysis (p ANOVA ). All primary and secondary endpoints went through an explorative examination and were descriptively assessed. Frequency distribution was analyzed using the Chi-squared test (p Chi ).
The first primary endpoint (body weight) was tested first with a significance level (type I error) of 4.75% (two-tailed test) or of 2.38% for the one-tailed test. As this null hypothesis was refuted the second primary outcome parameter (body fat mass) was tested with a 4.75% (two-tailed) or a 2.38% (one-tailed) significance level. Other tests were performed with a significance level (type I error) of 5.0% (two-tailed test) or of 2.5% for the one-tailed test.
For the primary endpoints, p-values of less than 0.0475 (two-tailed test) indicate a significant difference, for other tests, p-values of less than 0.05 indicate a significant difference. Data analysis was performed on the intent to treat (ITT) population.
RESULTS
Of the 102 subjects who entered the run-in phase, 92 were randomized. One subject (placebo arm) was lost to follow-up after randomization; 91 subjects were included in the ITT population for final analysis (Fig. 1) . A total of 84 subjects fully complied with the study protocol (per protocol population). Out of the 91 subjects from ITT population, 46 were randomized to the IQP-GC-101 and 45 to the placebo arm.
Demographics
All subjects recorded their ethnicity as 'Caucasian'. The mean age of the subjects at screening was 42.8 ± 11.2 years. 29 out of 91 subjects (31.9%) were male. The gender distribution between the IQP-GC-101 group and the placebo group was not significantly different (p Chi = 0.231). The mean height of the subjects was 169.6 ± 10.8 cm in the IQP-GC-101 group and 170.6 ± 9.1 cm in the placebo group. There was no significant difference between the two groups in the distribution of subjects in terms of mean age, height and body weight (Table 1) .
Compliance
Compliance to the investigational product was defined as an intake of between 75% and 125% of the number of tablets to be consumed according to instructions. All subjects complied with the dosing regimen. There was no significant difference in the compliance rate between the two arms during the study period (p U = 0.857). 
Body weight
At baseline, the mean body weight of subjects was 82.3 ± 12.3 kg in the IQP-GC-101 group and 83.3 ± 9.6 kg in the placebo group (p U = 0.487). By week 12, subjects on IQP-GC-101 experienced significantly more weight loss (2.26 ± 2.37 kg) compared with subjects on placebo (0.56 ± 2.34 kg) (p U = 0.002) (Fig. 2) . This is confirmed by covariance analysis (p(ANOVA) = 0.001).
Body fat
The body fat of the subjects in both groups was not significantly different at baseline. Subjects randomized to IQP-GC-101 had a reduction in body fat from baseline to week 12. On the other hand, their placebo counterparts lost body fat at week 4, but regained it at weeks 8 and 12. By the end of the study, subjects on IQP-GC-101 lost a mean of 1.12 ± 1.84 kg of body fat, compared with subjects on placebo, who gained a mean of 0.37 ± 2.14 kg of body fat (p U = 0.001) (Fig. 3) . This is confirmed by covariance analysis (p(ANOVA) = 0.001).
Secondary outcomes (Table 2) BMI: Accordingly, in line with body weight data, subjects on IQP-GC-101 also experienced a greater reduction in BMI compared with their placebo counterparts, from baseline to week 12. 
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Waist and hip circumference: The circumference for both the waist and the hip in both groups were similar at baseline. Subjects on IQP-GC-101 demonstrated a significantly higher reduction of waist circumference and hip circumference after 12 weeks.
Control of Eating Questionnaire
The change in subject response for each of the 20 visual analog scale items was assessed separately. For all of the questions, there was no significant difference in the change of the responses from baseline to week 12 between the two groups.
Laboratory parameters
All were within the normal reference ranges used by the central laboratory. The investigators did not report any clinically relevant changes in blood chemistry in any of the study subjects. Results of laboratory parameters are detailed in Table 3 .
Adverse events
No serious adverse events (AEs) were reported. Nine AEs were reported by subjects from the IQP-GC-101 group, and four AEs were from the placebo group; there was no significant difference in the frequency of AEs reported between the two groups (p chi = 0.117). All of the AEs were rated as 'mild' or 'moderate' in severity by the investigators and were considered unrelated to the consumption of the study products (Table 4) .
DISCUSSION
IQP-GC-101 is a unique and proprietary blend of four herbal extracts. While all the individual extracts have been evaluated in individual studies, to our knowledge, this is the first time that such a combination has been tested in a clinical investigation on Caucasian subjects, under controlled conditions. Besides adhering to the standards of ICH-GCP, the study design took into account the guidance of the European Food Safety Authority that recommended that evidence of weight loss effects should be provided with the consumption of a food supplement over a minimum period of 12 weeks (European Food Safety Authority Panel on Dietetic products, Nutrition and Allergies, 2012).
In the current study, all subjects adhered to a slightly hypocaloric diet, and they were therefore expected to experience a degree of weight loss regardless of the treatment group allocated. Subjects on IQP-GC-101 lost significantly more body weight (2.26 ± 2.37 kg vs. 0.56 ± 2.34 kg) and body fat mass (1.12 ± 1.84 kg vs. gain of 0.37 ± 2.14 kg) compared with subjects on placebo by the end of the study. The difference in mean weight loss between the treatment and placebo arms in the current study is comparable with those reported by Bloch et al. (2003) (weight loss of 3.7 kg vs. 2 kg; active vs. placebo) in a 12-week study with high dose orlistat (360 mg/day), and by Anderson et al. (2006) (weight loss of 3.05 kg vs. 1.90 kg) in a 16-week study with low dose orlistat (180 mg/day). Additionally, the difference in mean weight loss observed in the current study is higher than the net mean effect of 0.88 kg reported in a meta-analysis of randomized controlled trials of G. cambogia extracts with daily dose of HCA ranging from 1.0 to 2.8 g (Onakpoya et al., 2011a) . Thus, the current study indicated that the use of herbal extracts combination in Table 3 . Results of measurement of laboratory parameters IQP-GC-101 results in better weight loss effect in comparison to products containing only G. cambogia extract used in the other studies.
However, it is observed that the weight loss effect was less than the magnitude expected from the energy deficit diet. A possible explanation may be that the adherence to the given diet plan could have been questionable. This probably mimics real-life situation where adherence to energy restriction is often found to be difficult. On the other hand, the low rate of weight loss and the increase in the mean body fat mass in the placebo group after 12 weeks may be explained by a model where the energy homeostasis system is postulated to be more resistant to body weight loss than it is to weight gain; in case of negative energy balance, anabolic pathways (stimulation of food intake and reduction of metabolism) are activated, and catabolic pathways (inhibition of food intake and increase of metabolism) are suppressed (Schwartz et al., 2003) . In the context of this study, both groups lost weight initially due to the lower daily calories consumed. After 4 weeks, as the homeostasis systems of the subjects in the placebo arm were responding to the reduction in body weight, dietary fat was stored. The same effect was however not observed in the IQP-GC-101 group; this is a possible indicator that IQP-GC-101 works by reducing lipogenesis, promoting fat oxidation and thermogenesis, the mechanism of actions reported in previous studies of the individual herbal extracts such as garcinia (Sullivan et al., 1977) , green tea (Dulloo et al., 1999) , and green coffee (Shimoda et al., 2006) .
The study also assessed responder rates, looking into the percentage of subjects who lost at least 5% of their baseline weight, and, due to the relatively short duration of the trial, subjects who lost at least 3% of their baseline weight. There was no significant difference in the proportion of subjects who lost at least 5% of baseline weight (11 out of 46 subjects [23.9%] for IQP-GC-101 vs. five out of 45 subjects [11.1%] for the placebo group, p chi = 0.184), but there was a significant difference in the proportion of subjects who lost at least 3% of their baseline weight (24 out of 46 subjects [52.2%] for IQP-GC-101 vs. eight out of 45 subjects [17.8%] for placebo, p chi = 0.001). A longer study may be able to ascertain if the weight reduction rate can be sustained to reach clinically significant levels.
The lack of significance in the changes of responses to the COEQ scales was not unexpected, as the weight loss mechanism of IQP-GC-101 was not predicted to be through the enhancement of satiety or the reduction of cravings and appetite. Moreover, the effect on appetite and satiety could not be adequately quantified and compared due to study limitation.
One shortcoming worth noting in the current study is that subjects with regular caffeine intake were not excluded. While the present study was conducted to examine the effect of IQP-GC-101 on Caucasian subjects, it is suggested that the interaction of two factors, habitual caffeine intake and ethnicity, may impact the effect of green tea catechins-caffeine on body weight regulation. A systematic review of green tea in weight loss showed that Caucasians having a higher coffee intake tended to tolerate the effect of caffeine and thus showed a lower weight loss in response to treatment with EGCG and coffee, compared with Asians with low coffee intake (Hursel et al., 2009) . Likewise, while all subjects were committed to adhere to a slightly hypocaloric diet with 30% of energy coming from fat, strict control of daily dietary calories intake was not implemented, and impact of deviations from daily recommended dietary calories intake was not quantified. Nonetheless, the weight loss effect is encouraging and hence, it is reasonable to infer the efficacy of IQP-GC-101 in a non-controlled, real-life setting.
It should also be noted that the results of this study refer specifically to the blend of all four extracts, in the specified concentrations, and thus the weight loss efficacy cannot be generalized to the individual ingredients.
With regards to safety, there have been some concerns on the effect of HCA on liver functions due to the warning imposed by FDA, and the recall of Hydroxycut products (US FDA, accessed 2013). Alanine transaminase, aspartate aminotransferase, alkaline phosphatase, gamma-glutamyl transpeptidase, and bilirubin levels were measured in this study and no clinically relevant or statistically significant changes to any of the parameters was detected from screening until the end of the study.
In conclusion, IQP-GC-101, in combination with a slightly hypocaloric diet, significantly reduced body weight and body fat mass, with a favorable safety profile. Further investigations to determine the longerterm weight management benefits of IQP-GC-101 may add to the knowledge of its use in the treatment overweight and obesity. 
